ABSTRACT Five barrows of approximately 45 kg BW, fitted with post-valvular T-cecum cannulas at the ileo-cecal junction, were assigned randomly to five treatments ( 5 x 5 Latin square design) to assess the effect of microbial phytase and feeding regimen (frequency and level) on the apparent digestibilities (total tract [ATTD] and ileal [AID]) and retention of nutrients. A corn-tapioca-soybean meal diet of low intrinsic phytase activity, containing no added inorganic P, was fed either without or with microbial phytase from Aspergillus niger var. Van Tieghem (800 phytase unitskg of diet) at different feeding frequencies (once, twice, or seven times per day) and feeding levels (2.3 vs 2.8 times the maintenance requirement for ME, i.e., 418 k J ME/BW.75). Microbial phytase enhanced significantly the ATTD of DM, OM, CP, Ca, total P, and amino acids (except for cystine and proline). Also, the AID of total P, phytic acid, methionine, and arginine was increased ( P < .05 or .01). As a consequence of adding this enzyme, the retention (gramdday) of N, Ca, and P was greater ( P < .01) and their daily excretion was diminished by 5.5, 2.2, and 1.9 g/d, respectively. The feeding level exerted a minor effect on the ATTD and AID (except for methionine and cystine), although the retention (gramdday) of N, Ca, and P was greater ( P < . O l ) at the higher level of feeding. The feeding frequency influenced significantly the ATTD of Ca, tryptophan, and isoleucine and the AID of phytic acid, cystine, arginine, isoleucine, and phenylalanine. Also, N retention (grams/day) was reduced in pigs fed once daily ( P < .01).
Introduction
Plant ingredients used to formulate diets for pigs may contain from .7 to 3.5% of phytates ( rnyo-inositol hexakisphosphates) in a form of poorly soluble Ca-Mg, K-Mg, or mono-ferric salts of phytic acid (Maga, 1982; Suttle, 1983) . These salts are unavailable for absorption from the gastrointestinal tract (Morris and Ellis, 1976 ). Phytic acid is also able to form complexes with protein (Scheuermann et al., 1988; Gifford and Clydesdale, 1990; Honig and Wolf, 1991) and to inhibit a-amylases, trypsin, tyrosinase, and pepsin (Nair et al., 1991; Caldwell, 1992) . Partial hydrolysis of phytic acid in practical diets for pigs may be J. h i m . Sci. 1994. 72:126-132 obtained by adding purified microbial phytase from a genetically modified strain NRRL 3 135 of Aspergillus niger (Jongbloed et al., 1992) . A degree of the hydrolysis is related to incubation time and pH, as evaluated in vitro (Bos, 1988; Han and Wilfred, 1988; Han, 1989) . This suggests that microbial phytase efficacy in vivo may be influenced by feeding regimen (frequency, level), which induces various patterns of gastric emptying, flow rates of digesta, and changeable acidity in the gastrointestinal tract (Low, 1989) .
The objective of the experiment was to evaluate the effect of supplementary microbial phytase, feeding level, and feeding frequency on 1) the apparent total tract (ATTD) and ileal (AID) digestibilities of nutrients and 2 ) retention of nutrients. inhalation anesthesia (Van Leeuwen et al., 19881 , were used in this experiment. To minimize pain and postoperative discomfort, the animals were injected i.m. with 3 mL of AntipyranaP (Alfasan, The Netherlands). After a 14-d recovery period, the pigs were housed individually in standard metabolism cages at an average ambient temperature of 18°C and randomly assigned to five treatments differing with regard to 1) supplementary microbial phytase ( 0 or 800 phytase units [PTUl/kg of diet), 2 ) feeding frequency (once, twice, or seven times per day), and 3) feeding level (2.3 or 2.8 times the maintenance requirement [MRI for ME, i.e., 418 k J of ME/BW.75). The treatments were tested according to a 5 x 5 Latin square design (Table 1) . Final BW of the animals was approximately 110 kg.
Feeding. The animals were fed a basal diet consisting of corn, tapioca, and soybean meal as major ingredients and having a relatively low intrinsic phytase activity (140 PTUkg of diet) and no added inorganic P (Table 2 ). Content of phytate P (phytic acid x .282) in the basal diet was .2% (i.e., 55.6% of total P). This basal diet was formulated either without (Treatment 1, a negative control) or with supplementary microbial phytase (Treatments 2, 3, 4, and 5, containing 800 PTU/kg of diet) from Aspergillus niger var. Van Tieghem (Natuphos@, Royal Gistbrocades NV, The Netherlands) and pelleted without steam, at temperatures up to 30 to 40"C, to avoid possible inactivation of this enzyme. The lower feeding level, equal to 2.3 MR, was applied in Treatments 1, 2, 3, and 4. Treatment 5 was assumed to represent ad libitum feeding (2.8 MR). Daily rations were given either twice (Treatments 1 and 2), once (Treatment 31, or seven times (Treatments 4 and 5 ) . Water was added to each meal before feeding in the proportion 2.5:l (vol/wt).
Collection Procedures. Each of the five experimental periods lasted for 22 d. After 7 d of adaptation, feces and urine were collected quantitatively for 10 d, and thereafter ileal digesta were collected twice for 24 h (with a 3-d interval to avoid dehydration or electrolyte imbalance). Feces collected twice daily FEEDING REGIMEN IN PIGS 127 were frozen at -20°C and, after each period, were melted, homogenized, and freeze-dried and two subsamples were taken for chemical analysis. Urine voided from each pig was acidified with .5 N HC1
(from 25 to 75 mL/d) to maintain pH below 3.0. The total amount of urine was weighed and subsamples were taken for chemical analysis. Fresh ileal digesta were collected continuously through sterilized polyethylene tubings connected to the cannula barrel into polyethylene bags kept in "dry ice." Hourly collections of the ileal digesta were weighed, the pH was measured, and the digesta were frozen at -20°C. Thereafter, the digesta were freeze-dried, weighed, and ground to pass a 1-mm sieve, and cumulative samples (combined hourly collections from both days) from each pig in each period were taken for chemical analysis (carried out in duplicate).
Analytical Procedures. The standard Weende method was used to determine DM, ash, and N content in the basal diet, feces, and ileal digesta, as well as N concentration in urine (AOAC, 1980 Bos et al. (1991) . Phytase activity in the feeds and the preparation of microbial phytase was assayed by measuring the amount of orthophosphates released from phytic acid within a period of linear increase with time (Simons et al., 1990) . One unit of phytase activity (PTU) is equivalent to 1 pmol of orthophosphate liberated from 1 mmol of phytic acid in 1 min at 37°C and pH 5.5. Amino acids (excluding tryptophan, methionine, and cystine) were analyzed by ion-exchange column chromatography after hydrolysis for 23 h in 6 N HCl and using correction factors for threonine, serine, valine, and isoleucine (Lenis et al., 1990) . Cystine and methionine were determined as cysteic acid and methionine sulfone after oxidation with performic acid before hydrolysis (Schram et al., 1954 b2 =two equal meals given at 0700 and 1900; 1 = one meal given a t 0700; 7 = seven rnealdday given at 0700,0900, 1100, 1300, 1500, 1700, and 1900 (assumed to represent ad libitum intake).
a a i l y ME intake, equal to 2.3 or 2.8 times the maintenance requirement [MR] (Le., 418 kJ of ME/13W,75). was determined in a hydrolyzate, obtained by 12-h, oxygen-free hydrolysis under vacuum in 4 N lithium hydroxide in the presence of starch, by reversed-phase liquid chromatography using a C 18 (Hypersil) column, and with detection at 217 nm (Sato et al., 1984) . Apparent ileal and total tract digestibility coefficients of dietary nutrients were evaluated using chromic oxide ( C r 2 O 3 ) as an indigestible marker. Retention of N, Ca, and P was assessed by the balance method (daily intake minus output in feces and urine).
Statistical Analysis. Each pig was the experimental unit. All the results were subjected to analysis of variance for multiple classification, according to the following model for a Latin square design: Xijk = 1. 1 + i + j + k + eijk, where , u = overall mean, i = treatment effect, j = period effect, j = animal effect, e = error contribution with average 0 and variance u2, i = 1 . . . a, j = 1 . , . b, and k = 1 . . . n. The standard errors from the Latin square analysis were used to test significance in nonorthogonal comparisons of treatment means at P < .05 and .01. The comparisons were: 1) phytase effect (Treatment 1 vs Treatments 2,3,4, and 5 ) ; 2 ) feeding level effect (Treatment 5 vs Treatments 2, 3, and 4); and 3) feeding frequency effect (Treatment 3 vs Treatment 2 vs Treatment 4).
Results and Discussion

Health and Performance of Pigs
Despite the cecectomy required to fit the silicone cannulas (PVTC) close to the ileo-cecal valve, the pigs grew normally and no visible health problems were noted throughout the whole trial. Average daily gain ranged from 610 to 695 g at the lower feeding level and 888 g when the intake of the animals was ad libitum. Feed:gain ratios ranged from 2.6 to 3.2. This performance is comparable with that of noncannulated pigs under practical conditions.
Ileal Digesta Output
The PVTC cannulation technique is designed for a nearly quantitative collection of ileal digesta from cecectomized pigs, where a substantial part of the natural flow is diverted through the cannula (situated close to the ileo-cecal valve) and the remainder may continue along the intestine. Output of fresh digesta during 24 h in the first period ranged from 2.8 to 4.1 kg, increasing up t o 7.4 kg in the fifth period (usually slightly more digesta were obtained a t ad libitum intakes). The pH of the ileal digesta did not seem to be related to the treatments and ranged from 6.02 to 7.66 in the first period and from 6.81 to 7.12 in the last period.
Apparent Total Tract Digestibility
The most pronounced effect ( P < . 0 1) of supplementary microbial phytase (800 PTU/kg of diet) was found on the ATTD of total P, which increased by 24.1 percentage units (Table 3) . From previous studies of Jongbloed et al. (19921, it was also concluded that by adding 1,500 PTU/kg to a corn-soybean diet, the ATTD of total P was increased by 27 to 30 percentage units. In similar studies with noncannulated barrows, Nasi ( 1990) reported that the ATTD of total P in diets without inorganic P supplementation or with low addition (. 18 of total P ) was significantly lower ( P < .01) compared with the diets with supplementary e,fMeans within a row (for each main effect separately) lacking a common superscript letter differ ( P < .05).
gphMeans within a row (for each main effect separately) lacking a common superscript letter differ ( P < .01).
microbial phytase. In contrast, Shurson et al. (1984) pointed out that by adding supplementary phytase from yeast to starter pig diets containing no inorganic phosphate, the ATTD of total P was reduced, and as a consequence, five pigs fed the phytase diet exhibited visual signs of rickets. In our study, there was also significant enhance- (Nair et al., 1991; Caldwell, 1992) . Our observations are in agreement with those of Officer and Batterham (1992) from studies on pigs and ofAtwal et al. (1980) from studies on rats that efficiency of proteidamino acid utilization was inversely related to phytic acid content in diets. Similar indications were reported by Knuckles et al. (1985) from in vitro studies. Conversely, Nasi (1990) found that the ATTD of CP was greater in pigs receiving diets without inorganic P supplement ( P < .05), but phytase treatment did not result in any improvement of CP digestibility. This controversy may arise from possible differences in dietary protein sources (Gifford and Clydesdale, 19901 , various configurations of phytate-mineralprotein complexes (Honig and Wolf, 19911, and(or) diverse binding affinity of inositol phosphates that are present. The latter is dependent on the number of phosphate groups associated with the ligand and on their stereochemistry (Luttrell, 1993) . In our studies, the effect of feeding level (2.3 vs 2.8 MR) on the ATTD was not statistically significant, irrespective of the dietary nutrient. Other studies that have examined apparent digestibility in relation to feed intake were rather inconsistent in their conclusions, because several factors related to diets (physico-chemical and sensory properties) and animals (sex, age, physiological status, and the neuro-endocrine regulation) might have influenced the results (Low, 1989) . Besides, the functional destruction of the cecum in our pigs might have also biased the feeding level effect (Gargallo and Zimmerman, 1981) .
With regard to the feeding frequency, the ATTD coefficients obtained from the animals fed once daily were lower than those obtained from pigs fed twice or seven times daily, but statistically significant differences could be distinguished for Ca, tryptophan, and isoleucine. Irrespective of the nutrient, we found no differences in the ATTD due to feeding twice vs seven times daily. In agreement with our observations, Partridge et al. (1985) also indicated a decreased absorption of protein-bound amino acids in response to once-daily feeding and a lack of benefit from feeding more frequently than twice daily. Low (1989) concluded that the dry matter size of the meal influences the rate of gastric emptying and digestibility of some dietary nutrients in pigs, but the effect of feeding frequency may vary due to the dietary ingredients used.
Apparent Ileal Digestibility
Evaluating microbial phytase efficacy up to the end of the small intestine seems to be more accurate than evaluating it over the total tract because a potential contribution of the hindgut microflora in degradation of phytate-protein complexes is excluded.
In this study, the microbial phytase preparation from a genetically modified strain NRRL 3135 of Aspergillus niger var. Van Tieghem seemed to be effective, particularly on phytic acid hydrolysis (expressed in terms of the AID), when dosed at 800 PTU/ kg of diet (Table 4) . On average, the AID coefficient of phytic acid increased by 47.9 percentage units ( P < .01). Similarly, a very pronounced effect of supplementary microbial phytase could be distinguished on the AID of total P, which increased by 25.8
percentage units ( P < .01). A high efficacy of Aspergillus niger phytase on the AID of phytic acid and total P was also observed in our previous experiment (Jongbloed et al., 1992) . There are no published data available on the AID coefficients of CP and amino acids as influenced by supplementary microbial phytase in diets for pigs. In this experiment, we obtained a statistically significant effect of this enzyme on methionine and arginine only, although the AID of CP, lysine, cystine, tryptophan, histidine, and proline increased as well.
The effect of feeding level (2.3 vs 2.8 MR) on the AID was minor (except for methionine and cystine), with a slight indication that at "ad libitum" intakes (2.8 MR) the values for DM, OM, CP, total P, phytic acid, lysine, tryptophan, isoleucine, valine, and proline were lower. This observation seems to be related to the larger total volume of a meal plus water, which, in consequence, is reflected in a faster initial rate of gastric emptying and a shorter passage time of digesta (Low, 1989) .
The feeding frequency (once, twice, or seven times daily) increased the AID of phytic acid, cystine, arginine, isoleucine, and phenylalanine ( P < .05) only.
In general, it seems, however, that feeding only once daily rather than twice could lead to diminution of the digestion efficiency and that little or no benefit from feeding more frequently than twice daily should be expected. A similar opinion about feeding frequency was presented by Partridge et al. (1985) from studies on nitrogen use by growing boars. Data available in Tables 3 and 4 allow evaluation of net movement of dietary nutrients into the large intestine by comparing the ATTD and the AID. Disappearance of CP in the large intestine ranged from 11.3 to 11.6%, indicating only a limited effect of our treatments. Similar values of CP disappearance in the large intestine were reported by Just (1980) . The net movement of total P in the large intestine was relatively small (up t o 4.4 percentage units), except for animals fed once daily, for which the AID was by 7.3 percentage units greater than the ATTD. The significance of this influx or outflux of P in the large intestine due to the feeding frequency remains unclear. Relevant, comparable studies on pigs were not found in the available literature, although contradictory reports concerning intestinal absorption or excretion of some minerals were presented by Partridge (1978) , Drochner (19841, and Den Hartog et al. (1988) .
Nutrient Retention in the Body
Daily body retention of N, Ca, and P (expressed in grams per day) was increased ( P < .01) by adding microbial phytase (Table 5 ). Daily losses of these nutrients in feces and urine were diminished by 5.5, 2.2, and 1.9 g, respectively. A positive effect of microbial phytase on Ca and P retention was also reported by Hoppe et al. (1992) . The authors suggested that P retention ( Y 1 could be calculated from the following regression equation: Y = -19.7 + .4708 x P + .001239 x phytase ( r 2 = .87), where P = daily phosphorus intake in grams and phytase = dose of microbial phytase in PTU.
In contrast to our results, Shurson et al. (1984) reported that adding microbial phytase to starting diets without supplementary inorganic P reduced retention of P and Ca by 7.1 and 1.0% respectively.
Cromwell (1 99 1) indicated that P retained (grams/ day) in the body of growing-finishing pigs was not changed with added phytase, whereas bone breaking strength was increased. Apparently, his conclusion seems to be conflicting although elements other than P might have influenced the bone breaking strength.
By increasing the feeding level from 2.3 to 2.8 MR, absolute amounts (grarndday) of N, Ca, and P retained in the body increased ( P < . O l ) , but a relative proportion of their deposition, expressed as a percentage of intake, was not significantly different.
Concerning the feeding frequency in our study, N, Ca, and P deposition (gramdday) was lower in pigs fed once daily than in pigs fed twice or seven times daily, although the differences were statistically significant for N only. However, N retention in terms of percentage of intake was not affected by feeding frequency.
Implications
Aspergillus niger var. Van Tieghem phytase added at 800 phytase units/kg to a corn-tapioca-soybean meal diet for growing-finishing pigs increased the apparent digestibility of dietary nutrients, in particular of total P and phytic acid. Daily retention of N, Ca, and P also increased, resulting in a reduction in their loss in feces and urine by 5.5, 2.2, and 1.9 g/d, respectively. Table 5 . Retention of N, Ca, and P (g/d and percentage of intake) in the body of pigs in relation to microbial phytase addition (0 vs 800 phytase unitdkg), feeding level (2.3 vs 2.8 x maintenance requirement), and feeding frequency ( l x vs 2x vs 7x/d) e,fMeans within a row (for each main effect separately) lacking a common superscript letter differ ( P < .05).
gshMeans within a row (for each main effect separately) lacking a common superscript letter differ ( P < ,011.
